INTRODUCTION
============

Chronic infection with the hepatitis B virus (HBV) is a major cause of cirrhosis and hepatocellular carcinoma (HCC) worldwide. The natural course of chronic HBV infection is highly diverse at the individual level, ranging from inactive carriers to end-stage liver disease or HCC \[[@B1]\]. While many viral and host factors can affect this course, the level of serum HBV DNA is one of the most important factors affecting prognosis \[[@B2],[@B3]\]. The long-term suppression of HBV replication is therefore an important goal in the effective treatment of chronic HBV infection.

Entecavir (ETV) is a potent nucloes(t)ide analogue (NA) that inhibits HBV replication \[[@B4],[@B5]\]. Long-term use of ETV reduces serum HBV DNA \[[@B6]\], improves liver histology \[[@B7],[@B8]\] and lowers the incidence of HCC \[[@B9]\]. However, the emergence of antiviral drug resistance can attenuate the efficacy of long-term NA use \[[@B10]\]. Risk factors associated with the development of such resistance include high levels of HBV DNA prior to treatment with NA, inadequate viral suppression during therapy and NA with a low genetic barrier to resistance \[[@B11],[@B12]\].

A partial virological response (PVR) is defined as a decrease in HBV DNA titer of more than 2 log~10~ IU/mL, with residual serum HBV DNA detectable by polymerase chain reaction (PCR). For NAs with a low genetic barrier to resistance this should be determined at week 24 \[[@B12],[@B13]\] and for NAs with a high genetic barrier it should be determined at week 48 \[[@B14]\]. PVR in response to treatment with NAs with a low genetic barrier, such as lamivudine (LAM) and telbivudine, is associated with a higher risk of resistance, in which case a change to a more potent drug or combination therapy is recommended \[[@B13],[@B14]\]. The long-term prognosis of patients with PVR to ETV has not been fully defined and the optimal approach to management for such cases remains the subject of debate.

In this study, we aimed to evaluate the risk factors for developing a PVR to ETV, and assess the long-term prognosis of PVR to ETV in NA-naive and NA-experienced patients.

METHODS
=======

Patients
--------

Patients with chronic HBV infection who were treated with ETV (0.5 mg/day) between January 2007 and September 2012 were retrospectively enrolled from at a single treatment center. Those patients whose medication adherence was reported to be over 80% and whose treatment duration was in excess of 48 weeks were analyzed in this study. Patients excluded from the study included those with malignancy (including HCC), coinfection with hepatitis C virus or human immunodeficiency virus, or had experienced antiviral drug resistance and were not indicated for ETV monotherapy. The study protocol was approved by the Institutional Review of Inje University Ilsan Paik Hospital, Goyang, Korea.

Data collection
---------------

Patient history covering previous antiviral treatments, previous antiviral drug resistance, presence of cirrhosis and adherence to medication were collected. Hepatitis B envelop antigen (HBeAg), hepatitis B envelop antibody, serum alanine aminotransferase (ALT), and serum HBV DNA levels were determined at baseline and subsequently every 12 weeks. Viral mutation tests were performed at baseline for all NA-experienced patients and for patients with virological breakthrough (VBT).

Laboratory assay
----------------

Serologic markers of HBV were assessed using a commercially available electrochemiluminescence immunoassay (ECLIA, Roche Diagnostics, Branchburg, NJ, USA). Serum HBV DNA levels were measured by real-time PCR using the COBAS Amplicor assay (Roche Diagnostics; limit of detection 20 IU/mL). Genotypic analysis was performed with the restriction fragment mass polymorphism (RFMP) method.

Definition
----------

A PVR was defined as above. A virological response (VR) was defined as a decrease in serum HBV DNA to an undetectable level as determined by real-time PCR assay (\< 60 IU/mL). VBT was defined as an increase in HBV DNA levels of more than 1 log~10~ IU/mL, compared to the nadir HBV level achieved during therapy.

Statistical analysis
--------------------

Median, range, mean and standard deviation (SD) were used to describe statistics as appropriate. Continuous variables were compared using Student t test and presented as means ± SD. Nominal variables were compared with Pearson chi-square tests. Multivariate analysis was performed with logistic regression analysis. Time to VR was calculated using a Kaplan-Meier\'s curve and compared with the long rank test. A value of *p* \< 0.05 was considered to indicate statistical significance. All statistical analyses were performed using the SAS Enterprise Guide version 5.1 (SAS Institute Inc., Cary, NC, USA).

RESULTS
=======

Baseline patient characteristics
--------------------------------

Baseline characteristics of the study population are summarized in [Table 1](#T1){ref-type="table"}. A total of 202 patients (143 male, 59 female; mean age 47 ± 10 years) were included in this study. The median duration of follow-up was 170 weeks (range, 50 to 333). One hundred seven patients (53.2%) were HBeAg-positive and 90 patients (44.6%) had cirrhosis of the liver. The mean baseline HBV DNA level was 6.2 ± 1.5 log~10~ IU/mL and the median ALT level was 161 IU/L. There were 75 NA-experienced patients (43.6%).

Overall virological responses to ETV therapy and factors associated with PVR
----------------------------------------------------------------------------

VR was achieved in 174 patients at week 48, while a PVR was seen in 28 patients (13.9%) ([Table 2](#T2){ref-type="table"}). Univariate analysis identified high serum HBV DNA levels at baseline, week 12 and 24, HBeAg positivity and the absence of liver cirrhosis as significantly associated with PVR ([Table 2](#T2){ref-type="table"}). Multivariate analysis results demonstrated that high serum HBV DNA levels at baseline and week 24 were independently associated with PVR ([Table 2](#T2){ref-type="table"}).

Virological responses to ETV and factors associated with PVR in NA-naive patients
---------------------------------------------------------------------------------

VR was achieved in 110 of 127 NA-naive patients (86.6%) at week 48 ([Table 3](#T3){ref-type="table"}). High levels of serum HBV DNA at baseline, week 12 and 24, HBeAg positivity and the absence of liver cirrhosis were significantly associated with PVR (*p* \< 0.05; univariate analysis), while multivariate analysis demonstrated that a high level of serum HBV DNA at week 24 was independently associated with PVR.

Virological responses to ETV and factors associated with PVR in NA-experienced patients
---------------------------------------------------------------------------------------

Sixty-five out of 76 NA-experienced patients (85.8%) achieved a VR at week 48 ([Table 4](#T4){ref-type="table"}). High serum HBV DNA levels at baseline, week 12 and 24, and HBeAg positivity were significantly associated with PVR by univariate analysis.

Long-term outcomes of patients with PVR to ETV
----------------------------------------------

A total of 28 patients experienced PVR to ETV. VR was achieved in 21 of these patients during the follow-up period (median duration of follow-up, 154 weeks). The overall cumulative rates of VR were 46.2%, 61.5%, 73.1%, 77.6%, and 85% at week 72, 96, 120, 144, and 192, respectively. Cumulative rates of VR in NA-naive patients were 46.7%, 66.7%, 80.0%, 86.7% and 93.3% at week 72, 96, 120, 144, and 192, respectively; compared to NA-experienced patients with values of 45.5%, 54.5%, and 63.6% obtained at week 72, 96, and 120, respectively ([Fig. 1](#F1){ref-type="fig"}). NA-experience was not significantly associated with failure of VR in patients with PVR (*p* = 0.253). No additional cases of VR were achieved after week 120 in NA-experienced patients. Low serum levels of HBV DNA at week 48 (\< 200 IU/mL) were associated with subsequent achievement of VR (*p* = 0.004) ([Fig. 2](#F2){ref-type="fig"}). Resistance to antivirals was identified in two patients who had all undergone previous NA therapy. An RFMP study revealed genotypic mutations to LMV in both cases. No statistically significant risk factors for the development of resistance to antivirals were identified, likely due to the low incidence of antiviral resistance.

DISCUSSION
==========

Patients with a persistently high level of HBV DNA are at greater risk of developing cirrhosis and HCC \[[@B2],[@B3]\]. The long-term suppression of serum HBV DNA without emergence of resistance to antivirals is a key factor in the effective treatment of chronic HBV infection. Patients who demonstrate a PVR to low genetic barrier NAs are at risk of developing antiviral resistance and should be switched to a more potent drug or combination therapy \[[@B14]\]. Clinical guidelines for patients with a PVR to high genetic barrier NAs such as ETV; however, remain the subject of debate.

In this study we evaluated factors associated with PVR to ETV and long-term virological outcomes in such patients, and identified that PVR is associated with a high level of serum HBV DNA at baseline and at week 24. NA-naive patients with PVR had favorable virological outcomes. Serum HBV DNA at week 48 below 200 IU/mL was associated with subsequent achievement of VR for patients with PVR to ETV, and antiviral resistance emerged only in NA-experienced patients.

Rates of PVR to ETV in NA-naive patients have been reported in several studies to be 11.3% to 14.6% \[[@B15],[@B16],[@B17]\]. These studies identify high HBV DNA levels at baseline \[[@B15],[@B16]\], high HBV DNA at week 24 \[[@B17]\], and HBeAg positivity \[[@B15]\] as risk factors for PVR. Most NA-naive patients with a PVR to ETV achieved VR during long-term ETV therapy. Resistance to antivirals, although uncommon in NA-naive patients, occurred mostly in noncompliant patients \[[@B15],[@B16],[@B17]\]. Our study included patients whose adherence to medication was over 80%, and demonstrated results similar to those of previous reports. All NA-naive patients, except for one who was lost to follow-up, achieved VR during continuous ETV therapy. Additional VR was achieved up to 4 years of ETV therapy, and no resistance to antivirals occurred in NA-naive patients during the treatment period.

Few studies of the clinical outcome of NA-experienced patients with a PVR to ETV have been conducted. One such study, which included NA-naive and -experienced patients, reported that the presence of LAM-resistance at baseline and a previous history of LAM resistance were significantly associated with a reduced probability of achieving VR \[[@B15]\]. Yang et al. \[[@B18]\] reported that VR to ETV was significantly lower in NA-experienced patients (80.5%) than in NA-naive patients (96.9%), but achieving VR, even in NA-experienced patients, was significantly associated with a reduced risk of clinical events including HCC. In our study, the VR of NA-experienced patients was as high as 82.7% at week 48, which was associated with HBV DNA levels at baseline, week 24 and antigen-positivity. We found that 63.6% of NA-experienced patients with PVR achieved VR by week 120 of ETV therapy, while antiviral resistance occurred in two of six NA-experienced patients with high HBV DNA (≥ 200 IU/mL) at week 48. Therefore, modification of antiviral therapy should be considered in NA-experienced patients with PVR and high HBV DNA levels.

A particular strength of our study is that we were able to identify virological outcome in the majority of patients owing to the relatively long-term follow-up period employed. In addition, we were able to determine outcomes in NA-experienced patients with PVR. However, the study is limited by the retrospective observational design utilized. We analyzed patients who were treated with ETV for at least 48 weeks, which might exclude patients who had VBT or antiviral resistance before week 48. The development of resistance to antivirals may have been underestimated since mutation analysis was performed only when viral breakthrough was identified. The relatively small number of patients with PVR also limited our capacity to analyze predictive factors for antiviral resistance.

In conclusion, PVR to ETV is associated with a high level of HBV DNA at baseline and at week 24. Almost all of the NA-naive patients with PVR in our study achieved VR without the emergence of resistance to antivirals during continuous ETV therapy, whereas antiviral resistance developed in two out of six NA-experienced patients with serum HBV DNA at week 48 ≥ 200 IU/mL.

KEY MESSAGE
===========

Almost all of the nucloes(t)ide analogue (NA)-naive patients with partial virological response in our study achieved virological response without the emergence of resistance to antivirals during continuous entecavir therapy.Antiviral resistance developed in two of six NA-experienced patients with serum hepatitis B virus DNA at week 48 ≥ 200 IU/mL.
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![The cumulative rates of virological response in nucloes(t)ide analogue (NA)-naive and NA-experienced patients with a partial virological response to entecavir. There was no significant difference in virological response between NA-naive and NA-experienced patients (*p* = 0.253).](kjim-30-170-g001){#F1}

![Cumulative rates of virological response dependent on serum hepatitis B virus (HBV) DNA at week 48. A high level of serum HBV DNA at week 48 (≥ 200 IU/mL) was significantly associated with failure to achieve a virological response in patients with a partial virological response to entecavir.](kjim-30-170-g002){#F2}

###### Baseline characteristics of patients
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165Values are presented as mean ± SD or number (%).

NA, nucleos(t)ide-analogue; HBV, hepatitis B virus; HBeAg, hepatitis B envelop antigen.

###### Baseline and on-treatment factors associated with partial virological response
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Values are presented as mean ± SD or number (%).

VR, virological response; PVR, partial virological response; OR, odds ratio; CI, confidence interval; ALT, alanine aminotransferase; HBV, hepatitis B virus; HBeAg, hepatitis B envelop antigen.

###### Factors associated with a partial virological response in nucloes(t)ide analogue-naive patients
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Values are presented as mean ± SD or number (%).

VR, virological response; PVR, partial virological response; OR, odds ratio; CI, confidence interval; ALT, alanine aminotransferase; HBV, hepatitis B virus; HBeAg, hepatitis B envelop antigen.

###### Factors associated with a partial virological response in nucloes(t)ide analogue-experienced patients
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Values are presented as mean ± SD or number (%).

VR, virological response; PVR, partial virological response; ALT, alanine aminotransferase; HBV, hepatitis B virus; HBeAg, hepatitis B envelop antigen.
